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INTRODUCTION
A Rickettsia species has long been deﬁned as a
distinct serotype using mouse serotyping. How-
ever, owing to a lack of reproducibility and
interlaboratory comparability of this method,
new taxonomic guidelines, based on multigene
ampliﬁcation and sequencing, have been devel-
oped and validated by an international panel of
rickettsiology experts [1]. This effort has allowed
the description of four new species since 2003. In
1993, a rickettsial isolate, Rickettsia sp. HL-93, was
isolated from Haemaphysalis concinna ticks col-
lected in Hulin County, Heilongjiang Province,
China (Fig. 1a), and was considered to be a
unique spotted fever group rickettsia [2]. In
2000, Rickettsia sp. HL-93 was proposed as a
putative new species, i.e. ‘Rickettsia hulinii’ [3].
However, its taxonomic status remained uncer-
tain. In the present study, in an effort to clarify the
taxonomic status of strain HL-93, we used multi-
gene sequencing and mouse serotyping to re-
evaluate its status by comparison with all vali-
dated Rickettsia species.
MATERIALS AND METHODS
Rickettsia sp. HL-93 was cultivated in Vero cells. DNA was
extracted from the isolate using the QIAmp tissue kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. Sequencing of the 16S rRNA, gltA, ompA, ompB and sca4
genes was attempted using previously described primers and
PCR conditions [4]. PCR reactions were carried out in a Peltier
20 model PTC-200 thermal cycler (MJ Research, Inc., Water-
town, MA, USA). Positive PCR products were puriﬁed using
the QIAquick PCR puriﬁcation kit (Qiagen) as recommended
by the manufacturer and sequenced using PCR primers and
the d-Rhodamine Terminator Cycle Sequencing Ready Reac-
tion kit (Applied Biosystems, Warrington, UK) and an ABI
3100 PRISM automated sequencer (Applied Biosystems).
When calculating similarity values between nucleotide
sequences of Rickettsia sp. HL-93 and validated species, tran-
sitions and transversions, not insertions or deletions, were
included. The phylogenetic relationships of Rickettsia sp. HL-
93 validly published names were evaluated for each gene
using the neighbour-joining and maximum-parsimony meth-
ods within the Mega 3.1 (Biodesign Institute, Tempe, AZ,
USA) software package and the maximum-likelihood method
within the Phylip software package (University of Washing-
ton, Seattle, WA, USA). Mouse serotyping was conducted by
microimmunoﬂuorescence as described by Philip et al. [5]. We
used as antigens Rickettsia sp. HL-93, Rickettsia heilongjiangensis
strain 054, and Rickettsia japonica strain YMT.
RESULTS
PCR products of the expected sizes were obtained
from all ﬁve genes. Sequences were edited by
removal of ambiguity regions at the 5¢-ends and
3¢-ends so that their lengths were 1424, 1134, 590,
4890, and 3028 bp for 16S rRNA, gltA, ompA, ompB
and sca4, respectively. For all ﬁve loci examined,
Rickettsia sp. HL-93 shared the highest sequence
similarity with R. heilongjiangensis (98.0%, 99.7%,
99.7%, 98.8% and 99.4%, respectively, for the 16S
rRNA, gltA, ompA, ompB and sca4 genes). These
values were higher than the cut-offs proposed for
Rickettsia species deﬁnition. Therefore, on the
basis of genotypic criteria, Rickettsia sp. HL-93
belonged to R. heilongjiangensis. Phylogenetically,
Rickettsia sp. HL-93 clustered with R. heilongjiang-
ensis for all ﬁve genes (Fig. 1b). Using mouse
serotyping, we observed that the speciﬁcity
difference between R. heilongjiangensis and
Rickettsia sp. HL-93 was three, whereas that
between R. heilongjiangensis and R. japonica was
four, and that between Rickettsia sp. HL-93 and
R. japonica was ﬁve.
DISCUSSION
Currently, 26 Rickettsia species are validated, but
more that 100 rickettsial isolates or PCR ampli-
cons are unclassiﬁed. Such a large number of
rickettsiae with uncertain taxonomic status, some
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of which were given provisory species names,
makes the taxonomy of Rickettsia species confus-
ing. Rickettsia sp. HL-93, initially identiﬁed in
H. concinna ticks in China and then in Russia, was
later demonstrated to be pathogenic for animals.
Herein, we demonstrate that this rickettsia fulﬁls
neither the genetic nor the phenotypic criteria to
be considered as a distinct Rickettsia species. In
contrast, it should be classiﬁed as an isolate of
R. heilongjiangensis.
R. heilongjiangensis was ﬁrst isolated in 1982
from Dermacentor silvarum ticks collected in the
city of Suifenhe, in Heilongjiang Province of
China, and was later recognized as a human
pathogen in China and Russia [6]. The classiﬁca-
tion of Rickettsia sp. HL-93 within R. heilongjiang-
ensis expands the distribution of the latter species
to Heilongjiang, Jilin and Guangdong Provinces,
China, and to the Far East and Siberian regions of
Russia. In addition, R. heilongjiangensis isolates
have been found in H. concinna, Haemaphysalis
longicornis, Haemaphysalis japonica douglasii, D. sil-
varum and Dermacentor nuttallii ticks.
In conclusion, in an effort to simplify the
taxonomy of the Rickettsia genus members, we
re-evaluated, using a polyphasic strategy based
on genetic and phenotypic tests, the taxonomic
position of Rickettsia sp. HL-93, once proposed as
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Fig. 1. (a) World map showing the distribution of Rickettsia heilongjiangensis (red dots). (b) Unrooted dendrogram showing
the phylogenetic position of Rickettsia sp. HL-93 among Rickettsia species inferred from the comparison of ompB sequences
by the neighbour-joining method. Bootstrap values are indicated at the nodes. The scale bar represents a 1% nucleotide
sequence divergence.
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the putative new species ‘R. hulinii’, and demon-
strated that it belongs to R. heilongjiangensis. The
name ‘R. hulinii’ should no longer be used.
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